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(57) ABSTRACT

A capacitive shear force sensor and a method for fabricating
thereof are provided. The capacitive shear force sensor
includes a first electric field shielding layer, a second electric
field shielding layer, a driving electrode, a first sensing elec-
trode, a second sensing electrode and a dielectric layer. The
second electric field shielding layer is disposed under the first
electric field shielding layer. The driving electrode is dis-
posed between the first electric field shielding layer and the
second electric field shielding layer. The first and the second
sensing electrodes are disposed between the driving electrode
and the second electric field shielding layer. The dielectric
layer is disposed between the driving electrode and the first
sensing electrode, and between the driving electrode and the
second sensing electrode. The first sensing electrode and the
driving electrode form a first capacitor. The second sensing
electrode and the driving electrode form a second capacitor.
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1
CAPACITIVE SHEAR FORCE SENSOR AND
METHOD FOR FABRICATING THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Taiwan
application serial no. 101148793, filed on Dec. 20, 2012. The
entirety of the above-mentioned patent application is hereby
incorporated by reference herein and made a part of this
specification.

TECHNICAL FIELD

The disclosure relates to a sensor, and particularly relates to
a capacitive shear force sensor.

BACKGROUND

Recently, studies about robots have been prosperous.
Developing the sensing functions of artificial intelligence,
such as the tactile, thermal, visual, and auditory sensors
allows the robots to effectively and safely interact with human
beings or the external environment. Specifically, the tactile
sensors are an indispensable interface for the robots to contact
the external environment. The tactile sensors can be primarily
categorized into piezoresistive, capacitive, piezoelectric, and
optical types of tactile sensors. In general applications,
piezoresistive and capacitive tactile sensors are two common
types of tactile sensors.

Most of the tactile sensors used in the robots sense normal
forces (contact pressure). However, when a robotic claw
grabs an object, the strength of the shear force (e.g. frictional
force) may need to be sensed as well as the strength of the
grabbing force, so as to predict the occurrence of a sliding
movement, and feedback and adjust the grabbing force to
prevent the object from falling. Therefore, the tactile sensors
not only need to sense a normal force, namely the grabbing
force, but also to sense a shear force perpendicular to the
grabbing force in order to dynamically obtain the information
about the frictional force and the sliding movements experi-
enced by the object. In addition, in the application of assem-
bly of parts in the production line, such as connectors, plugs
and sockets, the tactile sensors adapted for sensing the shear
force may prevent the parts from being damaged due to inap-
propriate collision during assembling.

SUMMARY

The disclosure provides a capacitive shear force sensor and
a method for fabricating thereof.

Embodiments in the disclosure provide a capacitive shear
force sensor, including a first electric field shielding layer, a
second electric field shielding layer, a driving electrode, a first
sensing electrode, a second sensing electrode, and a dielectric
layer. The second electric field shielding layer is disposed
under the first electric field shielding layer. The driving elec-
trode is disposed under the lower surface of the first electric
field shielding layer and disposed between the first electric
field shielding layer and the second electric field shielding
layer. The first sensing electrode and the second sensing elec-
trode are disposed on an upper surface of the second electric
field shielding layer and disposed between the driving elec-
trode and the second electric field shielding layer. The second
sensing electrode does not contact the first sensing electrode.
The first sensing electrode and the driving electrode form a
first capacitor, and the second sensing electrode and the driv-
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2

ing electrode form a second capacitor. The dielectric layer is
disposed between the driving electrode and the first sensing
electrode and between the driving electrode and the second
sensing electrode.

Embodiments of the disclosure provides a method for fab-
ricating a capacitive shear force sensor, including: disposing
a first electric field shielding layer; disposing a driving elec-
trode on a lower surface of the first electric field shielding
layer; disposing a second electric field shielding layer; dis-
posing a first sensing electrode and a second sensing elec-
trode on an upper surface ofthe second electric field shielding
layer, wherein the second sensing electrode does not contact
the first sensing electrode; stacking the first electric field
shielding layer on the second electric field shielding layer,
such that the driving electrode, the first sensing electrode, and
the second sensing electrode are disposed between the first
electric field shielding layer and the second electric field
shielding layer; and disposing a dielectric layer between the
driving electrode and the first sensing electrode and between
the driving electrode and the second sensing electrode,
wherein the first sensing electrode and the driving electrode
form a first capacitor, and the second sensing electrode and
the driving electrode form a second capacitor.

Several exemplary embodiments accompanied with fig-
ures are described in detail below to further describe the
disclosure in details.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide fur-
ther understanding, and are incorporated in and constitute a
part of this specification. The drawings illustrate exemplary
embodiments and, together with the description, serve to
explain the principles of the disclosure.

FIG. 1 is a structural schematic view illustrating a capaci-
tive shear force sensor according to an embodiment of the
disclosure.

FIG. 2 is a schematic view illustrating a capacitive shear
force sensor applied with a normal force and without any
shear forces according to an embodiment of the disclosure.

FIG. 3 is a schematic view illustrating a capacitive shear
force sensor applied with a normal force and a transverse
shear force according to an embodiment of the disclosure.

FIG. 4 is a schematic view illustrating a circuit structure of
a differential capacitance detection circuit according to an
embodiment of the disclosure.

FIG. 5 is an exploded schematic view illustrating a capaci-
tive shear force sensor according to another embodiment of
the disclosure.

FIG. 6 is an exploded schematic view illustrating a capaci-
tive shear force sensor according to still another embodiment
of the disclosure.

FIG. 7 is a cross-sectional schematic view illustrating a
capacitive shear force sensor according to yet another
embodiment of the disclosure.

FIG. 8 is a cross-sectional schematic view illustrating a
capacitive shear force sensor according to one further
embodiment of the disclosure.

FIG. 9 is a cross-sectional schematic view illustrating a
capacitive shear force sensor according to one further
embodiment of the disclosure.

FIG. 10 1s a structural schematic view illustrating a capaci-
tive shear force sensor according to yet another embodiment
of the disclosure.

FIG. 11 is a structural schematic view illustrating a capaci-
tive shear force sensor according to yet another embodiment
of the disclosure.
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FIG. 12 is a flow chart illustrating a method for fabricating
a capacitive shear force sensor according to an embodiment
of the disclosure.

DETAILED DESCRIPTION OF DISCLOSED
EMBODIMENTS

Throughout the specification (including the claims) of the
disclosure, the term “couple” may refer to any direct or indi-
rect connection. For example, if the text describes that a first
device is coupled to a second device, an intended meaning is
that the first device may be directly connected to the second
device, or the first device may be indirectly connected to the
second device via another device or a connection means.
Moreover, where applicable, elements/components/steps
with same reference numerals represent same or similar parts
in the drawings and embodiments. Elements/components/
steps with same reference numerals or described with same
terms in different embodiments may serve as cross-reference
and related description.

FIG. 1 is a structural schematic view illustrating a capaci-
tive shear force sensor 100 according to an embodiment of the
disclosure. The right part of FIG. 1 illustrates an exploded
view of the capacitive shear force sensor 100, whereas the left
part of FIG. 1 illustrates a cross-sectional view of the capaci-
tive shear force sensor 100. The capacitive shear force sensor
100 includes a first electric field shielding layer 120, a driving
electrode 140, a dielectric layer 150, a plurality of sensing
electrodes 160, and a second electric field shielding layer 180.
In this embodiment, the sensing electrodes 160 include a first
sensing electrode 161, a second sensing electrode 162, a third
sensing electrode 163, and a fourth sensing electrode 164.

Material of the first electric field shielding layer 120 and
the second electric field shielding layer 180 is a conductive
material, such as metals (gold, silver, copper, aluminum, or
other metals or alloys), chemical compounds, or other con-
ductive materials. The first electric field shielding layer 120
and the second electric field shielding layer 180 are conduc-
tive substrates. A material of the driving electrode 140 and the
sensing electrodes 160 is a conductive material, such as met-
als (gold, silver, copper, aluminum, or alloys, etc.), non-
metals (e.g. graphite) chemical compounds, or other conduc-
tive materials.

The first electric field shielding layer 120 has a lower
surface. The driving electrode 140 is disposed under the lower
surface of the first electric field shielding layer 120. The
second electric field shielding layer 180 has an upper surface.
The first sensing electrode 161, the second sensing electrode
162, the third sensing electrode 163, and the fourth sensing
electrode 164 are disposed on the upper surface of the second
electric field shielding layer 180. The first electric field
shielding layer 120 is stacked on the second electric field
shielding layer 180, such that the driving electrode 140 is
disposed between the first electric field shielding layer 120
and the second electric field shielding layer 180, and the
sensing electrodes 160 are disposed between the driving elec-
trode 140 and the second electric field shielding layer 180,
wherein the first sensing electrode 161, the second sensing
electrode 162, the third sensing electrode 163, and the fourth
sensing electrode 164 do not contact each other. The first
sensing electrode 161, the second sensing electrode 162, the
third sensing electrode 163, and the fourth sensing electrode
164 are respectively in a triangular shape, and the first sensing
electrode 161, the second sensing electrode 162, the third
sensing electrode 163, and the fourth sensing electrode 164
together form a rectangular shape, as shown in FIG. 1.
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In this embodiment, the capacitive shear force sensor 100
further includes an upper board 110, a first insulating layer
130, a second insulating layer 170, and a lower board 190. A
material of the upper board 110 and the lower board 190 is a
hard material, such as a printed circuit board (PCB), a
bakelite, a metal, an ebonite rubber, or other hard materials.
The upper board 110 and the lower board 190 prevent the
electrodes or shielding layers from being bent and deformed.
The upper board 110 is disposed on an upper surface of the
first electric field shielding layer 120 to receive a shear force.
In this embodiment, the first electric field shielding layer 120
and the driving electrode 140 are fixed to the upper board 110.
The lower board 190 is disposed under a lower surface of the
second electric field shielding layer 180. In this embodiment,
the sensing electrodes 160 and the second electric field
shielding layer 180 are fixed to the lower board 190.

In this embodiment, the upper surface of the upper board
110 has at least one bump 102 to receive a shear force. To
increase frictional force, a frictional layer 104 is disposed on
an upper surface of the bump 102. A material of the frictional
layer 104 may be any material having a high friction coeffi-
cient, or any material having a slight viscosity. It should be
noted that in some applications, the frictional layer 104 may
be omitted.

The first insulating layer 130 is disposed between the first
electric field shielding layer 120 and the driving electrode
140. The second insulating layer 170 is disposed between the
second electric field shielding layer 180 and the sensing elec-
trodes 160 (i.e. 161 to 164). A material of the first insulating
layer 130 and the second insulating layer 170 is a non-con-
ductive material to prevent a short circuit between the elec-
trodes and the shielding layers. The first insulating layer 130
and the second insulating layer 170 may also be used as an
adhesive layer between the electrodes and the shielding lay-
ers. The material of the first insulating layer 130 and the
second insulating layer 170 is a hard material, such as a
printed circuit board, parylene, or other hard materials.

The dielectric layer 150 is disposed between the driving
electrode 140 and the sensing electrodes 160. In this embodi-
ment, the dielectric layer 150 is an elastic spring unit. The
dielectric layer 150 may experience a force that is applied
externally to the capacitive shear force sensor 100, and gen-
erate an elastic deformation. When choosing a material, the
elasticity and the creep characteristic may be considered. For
example, the material of the dielectric layer 150 is a soft
material, such as a soft high-molecular material (polydimeth-
ylsiloxane (PDMS)), silicon rubber, etc. In addition, in some
embodiments, the dielectric layer 150 may be implemented
with a material having a high dielectric constant to improve a
capacitance signal. The material of the dielectric layer 150 is
a non-conductive material. The dielectric layer 150 may be
used as an insulator between the driving electrode 140 and the
sensing electrodes 160 to prevent a short circuit between the
driving electrode 140 and the sensing electrodes 160.

The structure between the upper board 110 and the lower
board 190 is not limited to the above-described manner. In
other embodiments, for example, a spacer may be disposed
between the upper board 110 and the lower board 190. The
spacer is an elastic spring unit, so as to resist the normal force
and prevent a short circuit between the driving electrode 140
and the sensing electrodes 160. Due to the shear force, elastic
deformation of the spacer in shear direction can occur. A
material of the spacer may be chosen to be a material having
elasticity and a creep characteristic. Under the conditions of
the spacer disposed between the upper board 110 and the
lower board 190, the material of the dielectric layer 150 may
be gas (e.g. air, etc.), liquid or vacuum.
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In Z-axis direction, the driving electrode 140 is partially
overlapped with the first sensing electrode 161, the driving
electrode 140 is partially overlapped with the second sensing
electrode 162, the driving electrode 140 is partially over-
lapped with the third sensing electrode 163, and the driving
electrode 140 is partially overlapped with the fourth sensing
electrode 164. In other embodiments, the driving electrode
140 may be completely overlapped with the first sensing
electrode 161, the second sensing electrode 162, the third
sensing electrode 163, and/or the fourth sensing electrode
164, wherein the first sensing electrode 161 and the driving
electrode 140 form a first capacitor, the second sensing elec-
trode 162 and the driving electrode 140 form a second capaci-
tor, the third sensing electrode 163 and the driving electrode
140 form a third capacitor, and the fourth sensing electrode
164 and the driving electrode 140 form a fourth capacitor. By
adding a shielding structure external to a capacitor electrode
plate, an external interference is reduced. The first electric
field shielding layer 120 and the second electric field shield-
ing layer 180 may protect a differential capacitance signal
from external interference. A shear force in X-axis direction
makes the upper board 110 and the driving electrode 140
move along X-axis. A shear force in Y-axis direction makes
the upper board 110 and the driving electrode 140 move along
Y-axis. Therefore, the first sensing electrode 161 and the
second sensing electrode 162 may sense the shear force in
X-axis direction, whereas the third sensing electrode 163 and
the fourth sensing electrode 164 may sense the shear force in
Y-axis direction.

For example, FIG. 2 is a schematic view illustrating a
capacitive shear force sensor applied with a normal force Fn
and without any shear forces according to an embodiment of
the disclosure. FIGS. 1 and 2 serve as cross-reference to each
other. Here, the sensing electrodes 160 (i.e. 161 to 164) are
fixed electrodes, and the driving electrode 140 is a moving
electrode. A capacitance gap between the moving and fixed
electrodes is filled by the dielectric layer 150 as an insulating
layer. The dielectric layer 150 is a stressed elastic body for
measuring a shear force. In addition, the dielectric layer 150
protects the moving electrode (i.e. the driving electrode 140)
and the fixed electrodes (i.e. the sensing electrodes 160) from
contacting each other and causing a short circuit.

In the following description, the first sensing electrode 161
and the second sensing electrode 162 are utilized as an
example to describe the embodiment illustrated in FIGS. 2 to
4. The third sensing electrode 163 and the fourth sensing
electrode 164 may be embodied with reference to the descrip-
tion of the first sensing electrode 161 and the second sensing
electrode 162. Referring to FIG. 2, the first sensing electrode
161 and the driving electrode 140 form a first capacitor C1,
and the second sensing electrode 162 and the driving elec-
trode 140 form a second capacitor C2. When a capacitive
shear force sensor experiences a normal force Fn in Z-axis
direction, the normal force Fn may make the upper board 110
and the driving electrode 140 move in a direction opposite to
Z-axis direction, such that an electrode spacing between the
capacitor C1 and the capacitor C2 equivalently decreases.

Equation (1)

Equation (1) is a parallel-plate capacitor equation, wherein
€ is a dielectric constant of the dielectric layer 150, &, is a
vacuum dielectric constant, d is an electrode spacing, and A is
an overlapped area size of electrode plates. The normal force
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Fn does not change the overlapped area size A of electrode
plates of the capacitor C1 and the capacitor C2, but makes the
electrode spacing d between the capacitor C1 and the capaci-
tor C2 equivalently decrease. The normal force Fn makes
capacitance values of the capacitor C1 and the capacitor C2
equivalently increase. Namely, the normal force Fn does not
change a capacitance difference AC between the capacitor C1
and the capacitor C2. For example, if the capacitance values
of'the capacitor C1 and the capacitor C2 are equal, that is, the
capacitance difference is AC=C1-C2=0.

FIG. 3 is a schematic view illustrating a capacitive shear
force sensor applied with a normal force and a transverse
shear force according to an embodiment of the disclosure.
FIGS. 1 to 3 serve as cross-reference to each other. When the
capacitive shear force sensor experiences a shear force Fs in
X-axis direction, the shear force Fs may make the upper board
110 and the driving electrode 140 move Ax; in X-axis direc-
tion, as shown in FIG. 3. The first sensing electrode 161 and
the second sensing electrode 162 are disposed in a direction of
the shear force Fs. When the shear force Fs is applied to the
driving electrode 140, the driving electrode 140 moves in
X-axis direction. The driving electrode 140 moving in X-axis
direction decreases the overlapped area size A of the electrode
plates of the first capacitor C1, which decreases the capaci-
tance value of the first capacitor C1 in response to the shear
force Fs. On the contrary, the driving electrode 140 moving in
X-axis direction increases the overlapped area size A of the
electrode plates of the second capacitor C2, which increases
the capacitance value of the second capacitor C2 in response
to the shear force Fs. Therefore, a relation between the dif-
ferential capacitance AC and the sheer deformation Ax, may
be approximately represented in Equation (2).

AC=Cl-C2 Equation (2)

B eeo(Al —0A1)  e50(A2 +SA2)
- d B d

dA
) £806A

d d

In Equation (2), A1 and A2 respectively represent the over-
lapped area size of the electrode plates of the capacitor C1 and
the overlapped area size of the electrode plates of the capaci-
tor C2 before the shear force Fs is applied. In this example, it
is assumed that A1=A2. dA1 and O A2 respectively represent
a change of the overlapped area size of the capacitor C1 and
achange of the overlapped area size of the capacitor C2 when
the shear force Fs is applied. In this example, it is assumed
that JA1=0A2=0A. If a geometric shape of achange d A of the
overlapped area size is in a rectangle shape, and a length and
a width of this rectangle are L and Ax, respectively, then
dA=L*Ax,. Based on Equation (2), it can be known that the
capacitance difference AC between the capacitor C1 and
capacitor C2 is positively proportional to the shear deforma-
tion Ax,. Namely, by measuring a change of the capacitance
difference AC between the capacitor C1 and the capacitor C2,
a size and a direction of the shear force Fs may be known.

In other embodiment, the overlapped area size Al of the
electrode plates of the capacitor C1 and the overlapped area
size A2 of the electrode plates of the capacitor C2 may be
different, and/or the change A1 of the overlapped area size
of'the capacitor C1 and the change dA2 of the overlapped area
size of the capacitor C2 may be different. Based on Equation
(2), it can be known that when A1 is not equal to A2, and/or
when A1 is not equal to dA2, the capacitance difference AC



US 9,347,838 B2

7

between the capacitor C1 and the capacitor C2 is still respon-
sive to the shear force deformation Ax..

In this embodiment, any possible means may be used to
obtain the shear force Fs based on the capacitance difference
AC. For example, in some embodiments, based on the mate-
rial and geometrical properties of the dielectric layer 150 of
the capacitive shear force sensor, an equation Fs=f(AC) of a
relation between the capacitance difference AC and the shear
force Fs may be determined. By using the equation Fs=f(AC),
the shear force Fs may be computed based on the capacitance
difference AC. In some other embodiments, a correcting
operation may be performed to the capacitive shear force
sensor at an initializing stage, so as to obtain a “correction
curve of the capacitance difference AC to the shear force Fs”.
Thereby, the “correction curve of the capacitance difference
AC to the shear force Fs” may be used at a measuring stage,
such that the shear force Fs may be obtained based on the
capacitance difference AC.

The capacitance difference AC may be measured with any
differential capacitance detection circuit. For example, FIG. 4
is a schematic view illustrating a circuit structure of a difter-
ential capacitance detection circuit according to an embodi-
ment of the disclosure. The differential capacitance detection
circuit includes a driving signal source 410 and a sensing
circuit 420. The driving electrode 140 is electrically con-
nected to the driving signal source 410 to receive a driving
signal, such as aradio frequency (RF) signal. The first sensing
electrode 161 is electrically connected to a first sensing ter-
minal of the sensing circuit 420, and the second sensing
electrode 162 is electrically connected to a second sensing
terminal of the sensing circuit 420. The sensing circuit 420
detects the capacitance difference AC between the capacitor
C1 and the capacitor C2, wherein the capacitance difference
AC is responsive to the shear force Fs applied to the driving
electrode 140.

The sensing circuit 420 includes a RF transformer 421, a
trimmer capacitor 422, and a phase sensitive detection (PSD)
circuit 423. In the sensing circuit 420, two primary coils of the
RF transformer 421 and the capacitors C1 and C2 to be tested
form an inductance-capacitance bridge circuit. A common
terminal (central tapping) of the two primary coils of the RF
transformer 421 is connected to ground. The RF signal of the
driving signal source 410 is respectively coupled to paths
including C1 and C2. When C1 and C2 are equal, a RF current
in a secondary coil of the RF transformer 421 is zero. When
C1 and C2 are not equal, the RF current in the secondary coil
of the RF transformer 421 is positively proportional to the
capacitance value AC.

The trimmer capacitor 422 is coupled to the secondary coil
of the RF transformer 421. A reflected impedance of the
trimmer capacitor 422 and the primary coils of the RF trans-
former 421 form an inductance-capacitance resonant circuit.
A resonant frequency of the resonant circuit may be deter-
mined according to practical needs of the product. For
example, the resonant frequency may be set at a detection
frequency of 100 kHz. The phase sensitive detection circuit
423 further performs phase sensitive detection to detect a
value of a RF current of the secondary coil of the RF trans-
former 421. The phase sensitive detection is well known, so
no further details will be described herein.

The capacitive shear force sensor 100 in the embodiments
above may be implemented with a manufacturing process of
micro-electromechanical systems (MEMS), a manufacturing
process of printed circuit boards (PCB), or other manufactur-
ing processes. Compared to the manufacturing process of
micro-electromechanical systems, the manufacturing process
of printed circuit boards has a simpler process, shorter time
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course for design and development, lower cost, and a higher
yield rate. In addition, printed circuit boards have a higher
hardness. When a force is experienced in the shear direction
(i.e. having the normal force and the shear force at the same
time), the printed circuit boards prevent the electrode layers
(e.g. 140 and 160) and the shielding layers (e.g. 120 and 180)
from being bent and deformed, and restrains movement in the
direction of the shear force.

In some applications, the capacitance signal sensed by the
capacitive shear force sensor tends to be weak (e.g. at pF
level) and is prone to be interfered by external noise. The
capacitive shear force sensor 100 adds a structure of shielding
layer (e.g. the first electric field shielding layer 120 and the
second electric field shielding layer 180) to reduce interfer-
ence from external noise, thereby improving sensitivity and
resolution.

Details for embodying the embodiments above may be
modified according to the practical needs of the product. For
example, in another embodiment, the bump 102 may be dis-
posed on the lower surface of the lower board 190. Namely, in
another embodiment, the sensing electrodes 160 (i.e. 161 to
164) serve as moving electrodes, whereas the driving elec-
trode 140 serves as a fixed electrode. In still another embodi-
ment, the number and/or the shape of the sensing electrodes
160 may be different from the sensing electrodes 160 shown
in FIG. 1.

For example, FIG. 5 is an exploded schematic view illus-
trating a capacitive shear force sensor 500 according to
another embodiment of the disclosure. Details of the embodi-
ment shown in FIG. 5 may be embodied according to the
description in FIGS. 1 to 4, so no further details will be
reiterated hereinafter. What differs from the embodiment
shown in FIG. 1 is that sensing electrodes 560 in the embodi-
ment shown in FIG. 5 includes a first sensing electrode 561
and a second sensing electrode 562. The first sensing elec-
trode 561 and the second sensing electrode 562 are in a
rectangular shape respectively, and the first sensing electrode
561 and the second sensing electrode 562 together form a
rectangular shape, as shown in FIG. 5. The sensing electrodes
560, 561, and 562 may be embodied with reference to the
description of the sensing electrodes 160, 161, and 162 in
FIGS.1to 4.

Again, for example, FIG. 6 is an exploded schematic view
illustrating a capacitive shear force sensor 600 according to
still another embodiment of the disclosure. Details of the
embodiment shown in FIG. 6 may be embodied according to
the description in FIGS. 1 to 4, so no further details will be
reiterated hereinafter. What differs from the embodiment
shown in FIG. 1 is that sensing electrodes 660 shown in FIG.
6 includes a first sensing electrode 661, a second sensing
electrode 662, a third sensing electrode 663, and a fourth
sensing electrode 664. The first sensing electrode 661, the
second sensing electrode 662, the third sensing electrode 663,
and the fourth sensing electrode 664 are respectively in a
rectangular shape, and the first sensing electrode 661, the
second sensing electrode 662, the third sensing electrode 663,
and the fourth sensing electrode 664 together form a rectan-
gular shape, as shown in FIG. 6. The sensing electrodes 660,
661, 662, 663 and 664 may be embodied with reference to the
description of the sensing electrodes 160, 161, 162, 163, and
164 in FIGS. 1 to 4.

In other embodiments, the bump 102 may be omitted. For
example, in some embodiments, given that a friction coeffi-
cient of the upper surface of the upper board 110 meets the
needs, a shear force may be applied to the flat surface of the
upper board 110 to receive a shear force. In some other
embodiments, mechanical grinding, abrasive blasting, com-
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pression molding, or other manufacturing processes may be
used to roughen the upper surface of the upper board 110, so
as to increase the friction coefficient of the upper surface of
the upper board 110.

For example, FIG. 7 is a cross-sectional schematic view
illustrating a capacitive shear force sensor 700 according to
yet another embodiment of the disclosure. Details of the
embodiment shown in FIG. 7 may be embodied with refer-
ence to the description in FIGS. 1 to 4, so no further details
will be reiterated hereinafter. What differs from the embodi-
ment shown in FIG. 1 is that the bump 102 is omitted in the
embodiment shown in FIG. 7, and an upper surface of an
upper board 710 has arough surface after being roughened, so
as to receive a shear force, as shown in FIG. 7. The upper
board 710 may be found with reference to the description of
the upper board 110 in FIGS. 1 to 4.

Again, for example, FIG. 8 is a cross-sectional schematic
view illustrating a capacitive shear force sensor 800 accord-
ing to one further embodiment of the disclosure. The embodi-
ment shown in FIG. 8 may be embodied with reference to the
description in FIGS. 1 to 4, so no further details will be
reiterated hereinafter. What differs from the embodiment
shown in FIG. 1 is that the bump 102 is omitted in the embodi-
ment shown in FIG. 8, and a frictional layer 804 is disposed on
an upper surface of an upper board 810 to receive a shear
force, as shown in FIG. 8. A material of the frictional layer
804 may be any material with a high friction coefficient, or
any material having a slight viscosity. The upper board 810
may be embodied with reference to the description of the
upper board 110 in FIGS. 1 to 4.

In other embodiments, a spacer may be disposed between
the upper board 110 and the lower board 190 to prevent a short
circuit between the driving electrode 140 and the sensing
electrodes 160. For example, FIG. 9 is a cross-sectional sche-
matic view illustrating a capacitive shear force sensor 900
according to one further embodiment of the disclosure. The
embodiment shown in FIG. 9 may be embodied with refer-
ence to the description in FIGS. 1 to 4, so no further details
will be reiterated hereinafter. What differs from the embodi-
ment shown in FIG. 1 is that a spacer 906 is disposed between
the upper board 110 and the lower board 190 in the embodi-
ment shown in FIG. 9, so as to resist the normal force and
prevent a short circuit between the driving electrode 140 and
the sensing electrodes 160, as shown in FIG. 9. A material of
the spacer 906 is a soft material (e.g. polydimethylsiloxane or
silicone rubber). Since the spacer 906 is disposed between the
upper board 110 and the lower board 190, the dielectric layer
150 may be gas (e.g. air), liquid, or kept vacuum in this
embodiment.

FIG. 10 is a structural schematic view illustrating a capaci-
tive shear force sensor 1000 according to yet another embodi-
ment of the disclosure. The right part of FIG. 10 illustrates an
exploded view of the capacitive shear force sensor 1000,
whereas the left part of FIG. 10 illustrates a cross-sectional
view of the capacitive shear force sensor 1000. The capacitive
shear force sensor 1000 includes a first electric field shielding
layer 1020, an upper board 1010, a first insulating layer 1030,
a driving electrode 1040, a dielectric layer 1050, sensing
electrodes 1060, a second insulating layer 1070, a lower
board 1090, and a second electric field shielding layer 1080.
In this embodiment, the sensing electrodes 1060 include a
first sensing electrode 1061, a second sensing electrode 1062,
athird sensing electrode 1063, and a fourth sensing electrode
1064. Details of the embodiment shown in FIG. 10 may be
embodied with reference to the description in FIGS. 1t0 9, so
no further details will be reiterated hereinafter. For example,
a bump 1002, the first electric field shielding layer 1020, the
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upper board 1010, the first insulating layer 1030, the driving
electrode 1040, the dielectric layer 1050, the sensing elec-
trodes 1060, the second insulating layer 1070, the lower board
1090, and the second electric field shielding layer 1080 may
be embodied with reference to the description of the bump
102, the first electric field shielding layer 120, the upper board
110, the first insulating layer 130, the driving electrode 140,
the dielectric layer 150, the sensing electrodes 160, the sec-
ond insulating layer 170, the lower board 190, and the second
electric field shielding layer 180, respectively. What differs
from the embodiment illustrated in FIG. 1 is that the upper
board 1010 in the embodiment shown in FIG. 10 is disposed
between the first electric field shielding layer 1020 and the
driving electrode 1040, and the lower board 1090 is disposed
between the second electric field shielding layer 1080 and the
sensing electrodes 1060 (i.c. 1061, 1062, 1063, and 1064).

In some embodiments, given that a material of the upper
board 1010 is a non-conductive material, the first insulating
layer 1030 may be omitted, such that the driving electrode
1040 may be directly fixed to a lower surface of the upper
board 1010. Similarly, given that a material of the lower board
1090 is a non-conductive material, the second insulating layer
1070 may be omitted, such that the sensing electrodes 1060
(1..1061,1062,1063, and 1064) are directly fixed to an upper
surface of the lower board 1090.

FIG. 11 is a structural schematic view illustrating a capaci-
tive shear force sensor 1100 according to yet another embodi-
ment of the disclosure. The right part of FIG. 11 illustrates an
exploded view of the capacitive shear force sensor 1100,
whereas the left part of FIG. 11 illustrates a cross-sectional
view of the capacitive shear force sensor 1100. The capacitive
shear force sensor 1100 includes a first electric field shielding
layer 1120, a first insulating layer 1130, a driving electrode
1140, a dielectric layer 1150, a plurality of sensing electrodes
1160, a second insulating layer 1170, and a second electric
field shielding layer 1180. In this embodiment, the sensing
electrodes 1160 include a first sensing electrode 1161, a sec-
ond sensing electrode 1162, a third sensing electrode 1163,
and a fourth sensing electrode 1164. The embodiment shown
in FIG. 11 may be embodied with reference to the description
in FIGS. 1 to 9, so no further details will be reiterated here-
inafter. For example, the first electric field shielding layer
1120, the first insulating layer 1130, the driving electrode
1140, the dielectric layer 1150, the sensing electrodes 1160,
the second insulating layer 1170, and the second electric field
shielding layer 1180 may be embodied with reference to the
description of the first electric field shielding layer 120, the
first insulating layer 130, the driving electrode 140, the
dielectric layer 150, the sensing electrodes 160, the second
insulating layer 170, and the second electric field shielding
layer 180, respectively. What differs from the embodiment
shown in FIG. 1 is that the upper board 110 and the lower
board 190 are omitted in the capacitive shear force sensor
1100 in the embodiment shown in FIG. 11.

In the embodiment shown in FIG. 11, an upper surface of
the first electric field shielding layer 1120 has at least one
bump 1102 to receive a shear force. Other details of the bump
1102 may be embodied according to the description of the
bump 102 in FIGS. 1 to 9. However, the embodiment of the
first electric field shielding layer 1120 may not be limited by
the illustration of FIG. 11. For example, in another embodi-
ment, the upper surface of the first electric field shielding
layer 1120 has a rough surface (see the description of FIG. 7
for further embodying details) to receive a shear force. In
other embodiments, the flat upper surface of the first electric
field shielding layer 1120 may be disposed with a frictional
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layer with a high friction coefficient (see the description of
FIG. 8 for further embodying details) to receive a shear force.

FIG. 12 is a flow chart illustrating a method for fabricating
a capacitive shear force sensor according to an embodiment
of'the disclosure. At step S1210, a first electric field shielding
layer is disposed, wherein the first electric field shielding
layer has a lower surface. At step 1215, a driving electrode is
disposed on the lower surface of the first electric field shield-
ing layer. Atstep S1220, a second electric field shielding layer
is disposed, wherein the second electric field shielding layer
has an upper surface. At step S1225, a plurality of sensing
electrodes (e.g. a first sensing electrode and a second sensing
electrode) are disposed on the upper surface of the second
electric field shielding layer, wherein the sensing electrodes
do not contact each other. At step S1230, the first electric field
shielding layer is stacked on the second electric field shield-
ing layer, such that the driving electrode and the sensing
electrodes are disposed between the first electric field shield-
ing layer and the second electric field shielding layer. At step
S1235, a dielectric layer is disposed between the driving
electrode and the sensing electrodes, wherein the first sensing
electrode and the driving electrode form a first capacitor, and
the second sensing electrode and the driving electrode form a
second capacitor.

In some embodiments, the method for fabrication further
includes a disposing process to dispose an upper board on an
upper surface of the first electric field shielding layer to
receive a shear force. In other embodiments, the method for
fabrication further includes a forming process to form a rough
surface on an upper surface of the upper board to receive a
shear force. In some other embodiments, the method for
fabrication further includes a forming process to form at least
one bump on the upper surface of the upper board to receive
a shear force.

In some embodiments, the method for fabrication further
includes a disposing process to dispose a lower board under a
lower surface of the second electric field shielding layer. In
some other embodiments, the method for fabrication further
includes a forming process to form at least one bump on a
lower surface of the lower board to receive a shear force.

In some embodiments, the method for fabrication further
includes disposing a first insulating layer between the first
electric field shielding layer and the driving electrode, and
disposing a second insulating layer between the second elec-
tric field shielding layer and the first sensing electrode and
between the second electric field shielding layer and the sec-
ond sensing electrode.

In some embodiments, the method for fabrication further
includes a disposing process to dispose a spacer between the
lower surface of the first electric field shielding layer and the
upper surface of the second electric field shielding layer.

Different embodiments of the method for fabrication may
be embodied with relevant description of FIGS. 1 to 11, so
details will not be reiterated hereinafter.

In view of the foregoing, the capacitive shear force sensor
provided in the embodiments adds the structure of electric
field shielding layer to reduce external interference, such that
a signal of shear force does not differ as a material of a
grabbed object differs, thereby improving sensitivity and
resolution. In some embodiments, the manufacturing process
of printed circuit boards may be used to implement the
capacitive shear force sensor, thereby enjoying the advan-
tages of a simpler manufacture process, shorter time course
for design and/or development, lower cost, and a higher yield
rate. In some other embodiments, the capacitive shear force
sensor may be applied to an end effector of a robotic claw, so
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as to sense a shear force to determine whether or not the
grabbed object is sliding, and then feedback and adjust a
grabbing force.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the structure of
the disclosed embodiments without departing from the scope
or spirit of the disclosure. In view of the foregoing, it is
intended that the disclosure cover modifications and varia-
tions of this disclosure provided they fall within the scope of
the following claims and their equivalents.

What is claimed is:

1. A capacitive shear force sensor, comprising:

a first electric field shielding layer, having a lower surface;

a second electric field shielding layer, having an upper
surface, wherein the second electric field shielding layer
is disposed under the first electric field shielding layer;

a driving electrode, disposed under the lower surface of the
first electric field shielding layer, and disposed between
the first electric field shielding layer and the second
electric field shielding layer;

a first sensing electrode, disposed on the upper surface of
the second electric field shielding layer, and disposed
between the driving electrode and the second electric
field shielding layer, wherein the first sensing electrode
and the driving electrode form a first capacitor;

a second sensing electrode, disposed on the upper surface
of the second electric field shielding layer, and disposed
between the driving electrode and the second electric
field shielding layer, wherein the second sensing elec-
trode does not contact the first sensing electrode, and the
second sensing electrode and the driving electrode form
a second capacitor, wherein when a shear force is
applied to the driving electrode, an overlapped area size
of electrode plates of one of the first capacitor and the
second capacitor is decreased in response to the shear
force, and an overlapped area size of electrode plates of
another one of the first capacitor and the second capaci-
tor is increased in response to the shear force; and

a dielectric layer, disposed between the driving electrode
and the first sensing electrode, and disposed between the
driving electrode and the second sensing electrode.

2. The capacitive shear force sensor as claimed in claim 1,
wherein an upper surface of the first electric field shielding
layer has a rough surface to receive a shear force.

3. The capacitive shear force sensor as claimed in claim 1,
wherein an upper surface of the first electric field shielding
layer has at least one bump to receive a shear force.

4. The capacitive shear force sensor as claimed in claim 1,
further comprising:

an upper board, disposed on an upper surface of the first
electric field shielding layer to receive a shear force.

5. The capacitive shear force sensor as claimed in claim 4,
wherein an upper surface of the upper board has a rough
surface to receive the shear force.

6. The capacitive shear force sensor as claimed in claim 4,
wherein an upper surface of the upper board has at least one
bump to receive the shear force.

7. The capacitive shear force sensor as claimed in claim 4,
wherein a material of the upper board is a hard material.

8. The capacitive shear force sensor as claimed in claim 7,
wherein the hard material comprises a bakelite, a printed
circuit board, a metal, or an ebonite rubber.

9. The capacitive shear force sensor as claimed in claim 1,
further comprising:

a lower board, disposed on a lower surface of the second

electric field shielding layer.
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10. The capacitive shear force sensor as claimed in claim 9,
wherein a lower surface of the lower board has at least one
bump to receive a shear force.

11. The capacitive shear force sensor as claimed in claim 9,
wherein the lower board is a printed circuit board.

12. The capacitive shear force sensor as claimed in claim 1,
further comprising:

a first insulating layer, disposed between the first electric

field shielding layer and the driving electrode; and

a second insulating layer, disposed between the second
electric field shielding layer and the first sensing elec-
trode, and disposed between the second electric field
shielding layer and the second sensing electrode.

13. The capacitive shear force sensor as claimed in claim
12, wherein a material of the first insulating layer and the
second insulating layer is a hard material.

14. The capacitive shear force sensor as claimed in claim
13, wherein the hard material comprises a printed circuit
board or parylene.

15. The capacitive shear force sensor as claimed in claim 1,
wherein a portion of the driving electrode is overlapped with
the first sensing electrode, and a portion of the driving elec-
trode is overlapped with the second sensing electrode.

16. The capacitive shear force sensor as claimed in claim 1,
wherein the driving electrode is electrically connected to a
driving signal source to receive a driving signal, the first
sensing electrode is electrically connected to a first sensing
terminal of a sensing circuit, the second sensing electrode is
electrically connected to a second sensing terminal of the
sensing circuit, and the sensing circuit detects a capacitance
difference between the first capacitor and the second capaci-
tor, wherein the capacitance difference is responsive to a
shear force applied to the driving electrode.

17. The capacitive shear force sensor as claimed in claim
16, wherein when the shear force moves the driving electrode,
a capacitance value of one of the first capacitor and the second
capacitor decreases in response to the shear force, and a
capacitance value of the other of the first capacitor and the
second capacitor increases in response to the shear force.

18. The capacitive shear force sensor as claimed in claim
16, wherein the driving signal is a radio frequency signal.

19. The capacitive shear force sensor as claimed in claim 1,
wherein a material of the dielectric layer is a soft material.

20. The capacitive shear force sensor as claimed in claim
19, wherein the soft material comprises polydimethylsilox-
ane or silicone rubber.

21. The capacitive shear force sensor as claimed in claim 1,
further comprising:

a spacer, disposed between the lower surface of the first
electric field shielding layer and the upper surface of the
second electric field shielding layer.

22. The capacitive shear force sensor as claimed in claim

21, wherein a material of the spacer is a soft material.

23. The capacitive shear force sensor as claimed in claim
22, wherein the soft material comprises polydimethylsilox-
ane or silicone rubber.

24. The capacitive shear force sensor as claimed in claim 1,
further comprising:

a third sensing electrode, disposed on the upper surface of
the second electric field shielding layer, and disposed
between the driving electrode and the second electric
field shielding layer, wherein the third sensing electrode
does not contact the first sensing electrode and the sec-
ond sensing electrode, and the third sensing electrode
and the driving electrode form a third capacitor; and

afourth sensing electrode, disposed on the upper surface of
the second electric field shielding layer, and disposed
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between the driving electrode and the second electric
field shielding layer, wherein the fourth sensing elec-
trode does not contact the first sensing electrode, the
second sensing electrode and the third electrode, and the
fourth sensing electrode and the driving electrode form a
fourth capacitor, and

wherein the dielectric layer is disposed between the driving

electrode and the third sensing electrode, and disposed
between the driving electrode and the fourth sensing
electrode.

25. The capacitive shear force sensor as claimed in claim
24, wherein a portion of the first sensing electrode is over-
lapped with the driving electrode, a portion of the second
sensing electrode is overlapped with the driving electrode, a
portion of the third sensing electrode is overlapped with the
driving electrode, and a portion of the fourth sensing elec-
trode is overlapped with the driving electrode.

26. The capacitive shear force sensor as claimed in claim
24, wherein the first sensing electrode, the second sensing
electrode, the third sensing electrode and the fourth sensing
electrode are respectively in a triangular shape, and the first
sensing electrode, the second sensing electrode, the third
sensing electrode and the fourth sensing electrode together
form a rectangular shape.

27. The capacitive shear force sensor as claimed in claim
24, wherein the first sensing electrode, the second sensing
electrode, the third sensing electrode and the fourth sensing
electrode are respectively in a rectangular shape, and the first
sensing electrode, the second sensing electrode, the third
sensing electrode and the fourth sensing electrode together
form a rectangular shape.

28. A method for fabricating a capacitive shear force sen-
sor, comprising:

disposing a first electric field shielding layer having a lower

surface;

disposing a driving electrode on the lower surface of the

first electric field shielding layer;

disposing a second electric field shielding layer having an

upper surface;

disposing a first sensing electrode and a second sensing

electrode on the upper surface of the second electric field
shielding layer, wherein the second sensing electrode
does not contact the first sensing electrode;

stacking the first electric field shielding layer on the second

electric field shielding layer, such that the driving elec-
trode, the first sensing electrode and the second sensing
electrode are disposed between the first electric field
shielding layer and the second electric field shielding
layer; and

disposing a dielectric layer between the driving electrode

and the first sensing electrode and between the driving
electrode and the second sensing electrode, wherein the
first sensing electrode and the driving electrode form a
first capacitor, and the second sensing electrode and the
driving electrode form a second capacitor, wherein when
a shear force is applied to the driving electrode, an over-
lapped area size of electrode plates of one of the first
capacitor and the second capacitor is decreased in
response to the shear force, and an overlapped area size
of electrode plates of another one of the first capacitor
and the second capacitor is increased in response to the
shear force.

29. The method for fabricating the capacitive shear force
sensor as claimed in claim 28, wherein the first electric field
shielding layer is a conductive substrate, and an upper surface
of'the first electric field shielding layer has a rough surface to
receive a shear force.
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30. The method for fabricating the capacitive shear force
sensor as claimed in claim 28, wherein the first electric field
shielding layer is a conductive substrate, and an upper surface
of'the first electric field shielding layer has at least one bump
to receive a shear force.

31. The method for fabricating the capacitive shear force
sensor as claimed in claim 28, further comprising:

disposing an upper board on an upper surface of the first

electric field shielding layer to receive a shear force.

32. The method for fabricating the capacitive shear force
sensor as claimed in claim 31, further comprising:

forming a rough surface on an upper surface of the upper

board to receive the shear force.

33. The method for fabricating the capacitive shear force
sensor as claimed in claim 31, further comprising:

forming at least one bump on an upper surface of the upper

board to receive the shear force.

34. The method for fabricating the capacitive shear force
sensor as claimed in claim 31, wherein a material of the upper
board is a hard material.

35. The method for fabricating the capacitive shear force
sensor as claimed in claim 34, wherein the hard material
comprises a bakelite, a printed circuit board, a metal, or an
ebonite rubber.

36. The method for fabricating the capacitive shear force
sensor as claimed in claim 28, further comprising:

disposing a lower board on a lower surface of the second

electric field shielding layer.

37. The method for fabricating the capacitive shear force
sensor as claimed in claim 36, further comprising:

forming at least one bump on a lower surface of the lower

board to receive a shear force.
38. The method for fabricating the capacitive shear force
sensor as claimed in claim 36, wherein the lower board is a
printed circuit board.
39. The method for fabricating the capacitive shear force
sensor as claimed in claim 28, further comprising:
disposing a first insulating layer between the first electric
field shielding layer and the driving electrode; and

disposing a second insulating layer between the second
electric field shielding layer and the first sensing elec-
trode, and between the second electric field shielding
layer and the second sensing electrode.

40. The method for fabricating the capacitive shear force
sensor as claimed in claim 39, wherein a material of the first
insulating layer and the second insulating layer is a hard
material.

41. The method for fabricating the capacitive shear force
sensor as claimed in claim 40, wherein the hard material
comprises a printed circuit board or parylene.

42. The method for fabricating the capacitive shear force
sensor as claimed in claim 28, wherein a portion of the driving
electrode is overlapped with the first sensing electrode, and a
portion of the driving electrode is overlapped with the second
sensing electrode.

43. The method for fabricating the capacitive shear force
sensor as claimed in claim 28, further comprising:

electrically connecting the driving electrode to a driving

signal source to receive a driving signal;

electrically connecting the first sensing electrode to a first

sensing terminal of a sensing circuit; and

electrically connecting the second sensing electrode to a

second sensing terminal of the sensing circuit,

wherein the sensing circuit detects a capacitance difference

between the first capacitor and the second capacitor,
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wherein the capacitance difference is responsive to a
shear force applied to the driving electrode.

44. The method for fabricating the capacitive shear force
sensor as claimed in claim 43, wherein when the shear force
moves the driving electrode, a capacitance value of one of the
first capacitor and the second capacitor decreases in response
to the shear force, and a capacitance value of the other of the
first capacitor and the second capacitor increases in response
to the shear force.

45. The method for fabricating the capacitive shear force
sensor as claimed in claim 28, wherein a material of the
dielectric layer is a soft material.

46. The method for fabricating the capacitive shear force
sensor as claimed in claim 45, wherein the soft material
comprises polydimethylsiloxane or silicone rubber.

47. The method for fabricating the capacitive shear force
sensor as claimed in claim 28, further comprising:

disposing a spacer between the lower surface of the first

electric field shielding layer and the upper surface of'the
second electric field shielding layer.

48. The method for fabricating the capacitive shear force
sensor as claimed in claim 47, wherein a material of the spacer
is a soft material.

49. The method for fabricating the capacitive shear force
sensor as claimed in claim 48, wherein the soft material
comprises polydimethylsiloxane or silicone rubber.

50. The method for fabricating the capacitive shear force
sensor as claimed in claim 28, further comprising:

disposing a third sensing electrode and a fourth sensing

electrode on the upper surface of the second electric field
shielding layer and between the driving electrode and
the second electric field shielding layer, wherein the first
sensing electrode, the second sensing electrode, the third
sensing electrode and the fourth sensing electrode do not
contact each other,

wherein the dielectric layer is disposed between the driving

electrode and the third sensing electrode and between
the driving electrode and the fourth sensing electrode,
and

wherein the third sensing electrode and the driving elec-

trode form a third capacitor, and the fourth sensing elec-
trode and the driving electrode form a fourth capacitor.

51. The method for fabricating the capacitive shear force
sensor as claimed in claim 50, wherein a portion of the first
sensing electrode is overlapped with the driving electrode, a
portion of the second sensing electrode is overlapped with the
driving electrode, a portion of the third sensing electrode is
overlapped with the driving electrode, and a portion of the
fourth sensing electrode is overlapped with the driving elec-
trode.

52. The method for fabricating the capacitive shear force
sensor as claimed in claim 50, wherein the first sensing elec-
trode, the second sensing electrode, the third sensing elec-
trode and the fourth sensing electrode are respectively in a
triangular shape, and the first sensing electrode, the second
sensing electrode, the third sensing electrode and the fourth
sensing electrode together form a rectangular shape.

53. The method for fabricating the capacitive shear force
sensor as claimed in claim 50, wherein the first sensing elec-
trode, the second sensing electrode, the third sensing elec-
trode and the fourth sensing electrode are respectively in a
triangular shape, and the first sensing electrode, the second
sensing electrode, the third sensing electrode and the fourth
sensing electrode together form a rectangular shape.
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